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; ABSTRACT OF THE DISCLOSURE 
A pair of microwave radiation transmitters direct radia- 
i 


‘tion at two discrete frequencies, f, and fy towards a 
| target, which contains a non-linear circuit and a circuit 
[ tuned to the difference frequency (f;—fe), re-radiating 
| the difference frequency back ta a receiver tuned thereto; 
| by arranging the target for the impinging microwave radi- 
| ation in coded form, the receiver will obtain a difference 
frequency signal in a code peculiar to the particular ob- 


ject. 


! ‘The present invention relates to an identification sys- 
tem for objects, and more particularly to a system to de- 
tect objects remote from and moving with respect to a 
fixed identification station, such as a system to identify 
railroad cars or other vehicles, 

Various systems utilizing radio waves have been pro- 
posed in order to detect and to identify objects passing an 
identification station. In general, these systeins operate on 
the principle of reflection or diffusion of a wave beam, 
and pick up the echo by a receiver placed close to the 
transmitter. Reflective surfaces are placed on the object 
to be detected, in accordance with a predetermined code, 
in order to uniquely identify a particular object. In effect, 
relative motion of the object with respect to the beam 
provides a series of echoes, which serics may be coded. 
This relative motion can be obtained cither by motion 
of the object, or by scanning the beam over a stationary 
object. 

Difficulty has been experienced in decoding the echoes 
from the reflective surfaces, since noise often hides the 
desired code, and parasitic echoes are difficult to suppress. 
One solution to the problem was to associate a re-trans~- 
mitter with the object which re-transmits, on the same 
frequency or on a different frequency, a signal stronger 
than that of a simple echo and one which can be decoded 
readily. Yet, such a system is difficult and expensive in 
actual use because if many objects are to be identified, 
each one must be supplicd with a separate and individual 
power source. It has already been proposed to avoid such 
power sources and to utilize, for distant identification, an 
energy pickup antenna in combination with a non-linear 
element, causing emission of radiation and utilizing the 
energy of the received radio waves. 

St is an object of the present invention to provide an 
identification system, ulilizing radioelectric cnergy direct- 
ed towards an object spaced from the identification sta- 
tion, and without contact therewith, and providing a 
readily recognizable code to a receiver, without requiring 
a separate energy source at the object to be identified. 


Subject matter of the invention 


Briefly, in accordance with the present invention, a pair 
of transmitters are provided, each radiating at a prede- 
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termined frequency and directing beams of radiation, 
preferably at microwave frequency, towards a target as- 
sociated with the object. If the object is movable, the 
radiation will scan over the target; if the object is sta- 
tionary with respect to the radiators, a separate scanning 
arrangement may be used. The target has associated there- 
with a nonlinear clement, such as a diode, a pair of op- 
positely biased diodes or the like and a resonant circuit 
tuned to the difference frequencies of the two radiating 
transmitters. A return-radiation antenna is associated with 
the object, and the identification station is provided with 
areceiver tuned to the difference frequency. 

In accordance with the feature of the invention, the 
target is formed by a wave guide having windows therein, 
the non-linear element being coupled to the wave guide. 
The windows are arranged in accordance with a code 
unique to the particular object to be identified. Rather 
than a wave guide, formed with windows, a series of re- 
ception antennae associated with the non-linear clement 
and the tuned circuit can be used, or a series of tuned cir- 
cuits may be provided, each tuned to the difference fre- 
quency and associated with a non-linear element, to re- 
radiate at the difference frequency. 

The structure, organization, and operation of the in- 
vention will now be described more specifically with ref- 
erence to the accompanying drawings, wherein: 

FIG, 1 is a general schematic view, partly in perspec- 
tive, of the identification system of the present invention; 

FIG. 2 is a wave diagram; 

FIG, 3 is a diagram indicating the location of windows 
in the wave guide and signals appearing thereat; 

FIG. 4 is a schematic diagram of a non-linear circuit; 

FIG. 5 is a partly schematic diagram of a different 
form of radiating antennae; 

FIG, 6 is a partly schematic showing of a scanning 
arrangement for the bundle of radiation; and 

FIG. 7 is a schematic diagram of a different form of 
target. 

Referring now to the drawings and particularly to FIG. 
1: two fixed transmitters 1, 2, radiating at frequences 
f, and fy, respectively, are located at the identification 
station, Preferably, the radiation f,, fo is in the centimeter 
or millimeter wave length range. The generated signals 
ate applied by means of transmission lines 3, 4, to a pair 
of radiators 5, 6. The radiators 5, 6 are placed in the focal 
points of reflectors 7, 8, which are preferably cylindrical- 
elliptical. The radiators 5, 6 are so placed that they are 
parallel to the generatrices of cylindrical sections, the 
radiators being located at one of the focal points of the 
ellipse. The two cylindrical-clliptical reflectors 7, 8 are 
so oriented that the second focal point is coincident at a 
point 41, the point 11 being common to both of the 
elliptical forms of the reflectors 7 and 8. Additionally, 
point {1 also appears at the surface 17 of a target associ- 
ated with the object to be identified. 

The beamed electromagnetic radiation, illustrated sche- 
matically at 9, 10, and derived from antennae 5, 6, thus 
converge towards the target. The target is a wave guide 
16, placed on the object. In order to provide a coded 
identification, the side wall 17 thereof which faces the 
reflectors 7 and 8 is formed with windows 12, 13, 14 and . 
15, for example. If the object is moving transversely with 
respect to the width of the beams 9, 10, the focal point 
11 scans the surface 17 of the target. When the focal 
point 11 is, for cxample, opposite the window 12 (see 
FIG. 1) the electromagnetic energy delivered by the 
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transmitters 1 and 2 penctratcs into wave guide 16, from 
which it will be guided either directly, or by reflection 
from the end wall 18 of the wave guide 16 towards a non- 
lincar clement 19 placed within the intcrior of wave guide 
16. 

The non-linear clement 19 may be a diode, for example 
an inversely biased diode also known as a varactor, and 
forming a capacitance the value of which depends on the 
potential and the bias applied thereto. It is also possible 
to utilize avalanche diodes, tunnel diodes, or ordinary 
rectifier diodes, or a ferromagnetic element. In general, 
the non-linear clement 19 may consist of any passive de- 
vice capable of mixing or multiplying frequencies and it 
is not necessary that it has a very high frequency re- 
sponse nor an especially low internal inherent noise. 

When the target is penetrated by ihe currents induced 
from the transmitters 1, 2 at frequencies f,; and f., the 
frequencies f, and f. will beat in the non-linear element 
19 and give rise to sum and difference frequencies 
(nfizznf,), wherein m and n are whole numbers. The 
lowest frequency, of course, will be the difference fre- 
quency (f,—f2). This frequency is accentuated and filtered 
in the tuned circuit 20 and re-emitted by an antenna 21 
associated with the target. Of course, circuit 20 is tuned 
to this particular difference frequency. 

The re-emitted energy, transmitted from the object- 
antenna 21 is reccived by antenna 22 associated with a 
receiver 23, likewise tuned to the difference frequency 
fi—fe. This receiver can have a sharp tuning and be 
essentially insensitive to the much higher transmission fre- 
quencies f, or fz, and will not be subject to parasitic of 
noise echoes, which noise and parasitic echoes will appear 
at the difference frequency only highly attenuated and 
occurring only due to the Doppler effect. 

During the entire time when a window of the wave 
guide 16 passes in front of the waves 9, 10, that is in 
front of the focal point 11, the output 24 of receiver 23 
will have a signal appear thercat which is roughly pro- 
portional to the product of the intensity of the radiation 
derived from transmitters 1 and 2. Thus, at output 24 of 
recciver 23, a series of pulses will occur which correspond 
to the position of the windows as will be further explained 
in connection with FIG. 3. This will be true, as a first 
approximation, if the detection characteristics of the non- 
linear clement have an approximately exponential char- 
acteristic. 

Actually, diffraction and interferences will develop at 
the focal point 11 of the two radiated beams. Measuring 
the electromagnetic field caused by both of the lines, sepa- 
rately, at point 11, one obtains a diagram generally repre- 

’ sented at FIG. 2, and indicated separately at fi, fz with 
respect to the beams 9 and 10, respectively, The maxi- 
mum of the radiated field is a maximum exactly at the 
focal point. Departing in a direction towards the left or 
right from the focal point, a series of secondary maxima 
of decreasing amplitude will be obtained, which maxima 
are alternatively positive and negative. Thus, as a window 
passes in front of focal point 11, the impulse obtained 
therefrom will not be a single pulse, but rather a series 
of pulses corresponding to these successive smaller 
maxima, In order to eliminate noise, and unwanted radia- 
tion as much as possible, receiver 23 can be arranged to 
have a threshold which is somewhat higher than the first 
secondary maximum, that is to have a detection threshold 
at about 10% of the expected valuc of the principal maxi- 
mum to be expected. Additionally, the location and extent 
of the windows, and the frequencies of the radiators can 
be so matched to each other that the first secondary 
maxima do not coincide with the location of subsequent 
windows in order to avoid superimposition of sequential 
unwanted signals. Additionally, the secondary maxima 
can be further reduced so that the first secondary maxi- 
mum, for example of wave f, corresponds to the first 
zero of the second wave, fz (see FIG. 2). Since the com- 
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first approximation, is about proportional to the product 
of the amplitudes of the frequencies f, and fs, secondary 
maxima are reduced to practically zero cach time one 
of the waves, separately goes through zero and thus sec- 
ondary maxima corresponding to the difference frequency 
fi—f, are strongly attenuated. This result can be en- 
hanced by proper positioning and adjustment of the open- 
ings and the profile of the reflectors 7 and 8 so that essen- 
tially the cntire radiation is along the axes of the ellipse 
rather than being dispersed. 

The non-linear clement 19 preferably has a non-linear 
characteristic which is highly exponential, that is highly 
dependent upon the level of the incident signal, Such a 
non-lincar characteristic is obtained from a rectifier diode 
or from two oppositely biased diodes, In such an arrange- 
ment, the principal maximum, as illustrated in the dia- 
gram of FIG. 2, is strongly favored with respect to sec- 
ondary maxima. 

Referring now to FIG. 3: If a target having windows 
as illustrated in the diagram A, passes in front of beams 
9, 10, that is if the windows are located at the focal 
point.11, the output 24 of a receiver 23 will have a pulse 
train, with respect to time, substantially as scen in graph 
Ay. These pulses are rounded, similar to the interference 
or diffraction diagram (FIG. 2) and have a horizontal 
extent doubled largely by the size of the windows. Be- 
tween the pulse pips, noise signals will be prescnt due 
to secondary maxima and stray reflections. Any pulse 
shaping circuit, for example filter circuits having high 
level and low level thresholds, and suitably chosen, may 
be used to reconstitute the output into a train of square 
wave pulses as seen at Ag, the passage of time corre~ 
sponding to the location of the windows, in space. 

If the size of the windows is varied, and the spacing 
is made irregular, as seen for example in graph B,, a 
pulse train of variable size and recurrence as seen in 
graphs By, and By will be obtained, Bz being the output 
from receiver 24 and the graph of B; being a similar 
output after pulse-shaping. By decoding the pulses similar 
to graph Bg, in well-known decoding circuitry, the object 
can be uniquely identified. 

In order to obtain a readily identifiable output reading, 
that is in order to obtain a code which is uniform on 
a time-scale, it is desirable to provide relatively constant 
motion between the windows 12-15 of the wave guide 
and the waves 9, 10 impinging thereon at the focal 
point 11. : 

The windows themselves should of course be shaped 
such that the radiation intended for a particular window 
does not penetrate into adjacent windows; making the 
space between windows at Icast twice that of the width 
of the principal lobe satisfies this requirement. In accord- 
ance with optical theory relating to diffraction at a focal 
point, the width of the principal lobe of the diffraction 
diagram is given by: ‘ 


gugl® 
a 


wherein F is the focal length of the reflector, L the wave 
length and a@ the reflector opening, along the horizontal 
axis. Thus, for cxample, with a focal length of F=50 | 
cm., a wave length L of 0.8 cm. and an opening a==100 
cm., the width of the principal Jobe will be d=0.8 cm. 
Spacing the windows by a distance of 2d-=1.6 cm., one 
can place approximately 40 windows on a side 17 of a 
wave guide 16 which is about 70 centimeters long. 
Instead of utilizing a pair of separate antennae and 
radiators as. shown in FIG. 1, a single radiator, as seen 
in FIG. 5, may be provided. Transmitters 1, 2 feed into 
a hybrid or mixer circuit 50, which then supplies a radia- 
tor 51 in a single reflector §2. Other arrangements pro- 
viding a pair of radio waves of frequencies f; and fy, and 
providing the same result, may also be used. FIG. 8 illus- 
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trates an alternative wherein a wave of frequency f, can 
be modulated in modulator 80 by a much lower fre- 
quency, and corresponding to the above mentioned differ- 
ence frequency f,~f, which is generated in oscillator 
81. The resultant signal is radiated towards the target 
via transmitter 82. The non-linear element 19 will then 
detect the modulation of the wave and will re-radiate at 
that modulation difference frequency, to. which the 
receiver 23 is also tuned. 

Windows of the wave guide 16 need not be rectangular, 
nor need they be directed or oriented in the same direc- 
tion, : 

If it is desired to obtain constant speed scanning, for 
example between a fixed transmitter station and a like- 
wise fixed object to be identified, the waves themselves 
can be scanned across the target. FIG. 6 illustrates an 
arrangement for scanning waves, generated in accordance 
with FIG. 1. The target and the transmitters themselves 
have been omitted. The deflection system 60 includes a 
pair of control units schematically shown as 61, 62 and 
interconnected by lines 63. These units ensures the scan- 
ning by the reflectors either by mechanical or electronic 
means as is the case with the radar technique. Such a 
control need not be actually emphasized. 

The target need not be a wave guide; it may include 
a plurality of radiation receivers, such as stub antennac 
72, 73, 74, coupled by means of coils 71a, 7ib, 71c to 
tuned circuits 70a, 70b, 70c. Each stub antenna is fur- 
ther connected to individual non-linear elements 79a, 
196, 79c. The tuned circuits 70a, 70b, 70c are again con- 
nected to the re-radiation antenna 21. Of course, if only 
a single object is to be identified, only a single non-linear 
clement 19 (or 79a) need be used, associated with a 
re-transmitting antenna and a tuned circuit. 

FIG. 4 illustrates, in schematic form, a pair of back- 
to-back diodes which together may form the non-linear 
element 19 of FIG. 1, or 79 of FIG. 7. 

Essentially therefore, the present invention relates to 
the identification of objects, without contact, by direct- 
ing radiation thereagainst of more than one frequency, 
and utilizing a non-linear element and resonance circuit, 
tuned to the difference frequencies for detection of re- 
emitted radiation. 

I claim: 

1. Identification system for contact-less identification 
of objects comprising: 

a pair of radiation transmitter means (1, 2), each radia- 
tion transmitter independently directing radiation of a 
predetermined frequency (f; and fa) differing from 
the frequency of the other radiation transmitter 
towards the object; 

a receiver (23) tuned to the difference frequency 
(i—fe) and located to receive radiation re-cmitted 
from the object; 

and a target located on the object to be identified, in 
radiation-receiving and re-transmitting relationship 
to the radiation emitted from said transmitter means, 
and to be received by said receiver, respectively, said 
target including non-linear means (19) and a reso- 
nance circuit (20) tuned to said difference frequency 
(fife). 

2. System as claimed in claim i, wherein said trans- 
mitter means are microwave radiators and said target is 
a wave guide formed with windows (42-15) therein, 
located in radiation-receiving relationship to said micro- 
wave radiation, and said wave guide means is coupled 
to said resonance circuit tuned to the difference frequency, 
and to said non-linear clement; and a re-transmission an- 
tenna (24) is provided and coupled to said resonance 
circuit tuned to said difference frequency. 

3. System as claimed in claim 2, wherein said wave 
guide windows are spaced relative to each other and have 
an extent lengthwise of the wave guide corresponding to a 
code representative of the object to be identified. 
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A. System as claimed in claim 3, wherein the windows 
in the wave guides are located to leave space between 
adjacent windows which is at least equal to twice the 
width of the principal lobe occurring as a result of the 
mixing of the radiation emitted from both said transmitter 
means. 

5, System as claimed in claim 1, wherein said radiation 
transmitters radiate in the microwave region and include 
antennae (5, 6) located at the focal points of cylindrical- 
elliptical reflectors (7, 8), said cylindrical-elliptical re- 
flectors being oriented to guide the radiation from each 
transmitter to impinge at the same point on the target, 
said same point being the other focal point of the ellipsis 
forming the elliptical reflectors, whereby beat frequencies 
will be produced at the target. 

6. System as claimed in claim 5, wherein said radiation 
transmitter means transmit first and second independent 
radiations having first and second different frequencies, 
the first secondary maximum of the interference diagram 
with respect to the frequency of one of said radiations 
corresponds to the first null of the interference diagram 
with respect to the frequency of the other of said 
radiations. 

7, System as claimed in claim 1, wherein said non- 
linear circuit has a variable response characteristic and 
includes a pair of oppositely connected diodes, one end 
of said pair being connected to an input terminal of said 
non-linear circuit and the other end of said pair being 
connected to another input terminal of said non-linear 
circuit. 

8. System as claimed in claim 1, including a single 
antenna connected to both said transmitter means and 
directing radiation from both said transmitter means 
towards said target. 

9. System as claimed in claim 1, including radiation 
deflection means scanning both of said transmitted radia- 
tions across said target to develop beat-frequencies thereat. 

10. System as claimed in claim 1, wherein said target 
includes a plurality of non-linear elements and resonance 
circuits, located on said object with respect to each other 
to be successively exposed to incident radiation from said 
transmitter means, 

11. In an ‘object identification system, 

means independently directing microwave radiation at 
two frequencies (f1, fg) towards a target associated 
with said object; 

a tuned circuit and a non-linear element in radiation- 
receiving relation connected ta said target, said tuned 
circiut being tuned to the difference frequency (f,-—f2) 
of said radiation; ; 

re-transmission means connected to said non-linear 
element and said tuned circuit; and a receiver, in 
radiation-receiving relationship to said re-transmis- 
sion means, said receiver being tuned to said dilfer- 
ence frequency (f:—f2). 

12. Identification system for contact-less identification 

of objects comprising: 

a single transmitter means directing radiation towards 
the object at a predetermined frequency (f,) which 
is amplitude-modulated by a modulation frequency 
(fife); 

a receiver tuned to the modulation frequency (f,—f2) 
and located to receive radiation re-emitted from the 
object; and 

a target located on the objec tto be identificd, in radia+ 
tion-receiving and re-transmitting relationship to the 
radiation emitted from said transmitter means, and 
to be received by said receiver, respectively, said 
target including non-linear means (19) and a re- 
sonance circuit (20) tuned to said modulation 
frequency (f1--fa). 

13, System as claimed in claim 12, wherein said non- 
linear circuit has a variable response characteristic and 
includes a pair of oppositely connected diodes, one end 
of said pair being connected to an input terminal of said 
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non-linear circuit and the other end of said pair being 
connected to another input terminal of said non-linear 
circuit. 

14. System as claimed in claim 12, whercin said target 
is a wave guide formed with windows (12-15) therein, 
located in radiation-receiving relationship to said radiation, 
and said wave guide means is coupled to said resonance 
circuit tuned to the’ modulation frequency, and to said 
non-linear element; and a re-transmission antenna (21) 
is provided and coupled to said resonance circuit tuned 
to said modulation frequency. : 

15. System as claimed in claim 14 wherein said wav 


10 


8 
guide windows are spaced relative to each other and have 
an extent lengthwise of the wave guide corresponding to 
a code representative of the object to be identified. 
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